The flow-field designs of bipolar plates (BPs) contribute to improving the fuel cell performance. However, the acceleration due to gravity and the direction of supplied gas flows also directly affects fuel cell operation, because they result in transportation phenomena, the uniform distribution of reacting gases, and water management. This research focused on analyzing the effects of gravity and gas flow direction on fuel cell operation. In addition, the constant stoichiometry and constant mass flow rate boundary condition applied for fuel cell operation, were also analyzed to determine the best conditions for fuel cell performance enhancement. The results showed that proton exchange membrane fuel cells (PEMFCs) performance can be dramatically improved by optimizing the gravitational angle and the supplied gas flow direction. Consequently, when the air and hydrogen gas inlets are both placed at the upper side, the fuel cell performance can be enhanced up to 5% in comparison with those placed at the lower side. Furthermore, when the gas direction between adjacent channels is alternatively changed in the interleaved flow configuration, the fuel cell performance is dramatically enhanced compared to other flow types. The counter-flow type configuration exhibited the worst ability to improve fuel cell performance because it plays a vague role in distributing gases and liquid water over the fuel cell. The maximum difference in power density among various flow types at the same current density ranges up to approximately 17%.
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